Abstract. Histone deacetylase inhibitors (HDACIs) are involved in cell growth, apoptosis and differentiation. This study aimed to investigate the effects of HDACI scriptaid on histone modification, demethylation, cell growth, cell cycle and apoptosis in the RKO colorectal cancer cell line and screening for scriptaid-induced genes. RKO cells were treated with 5-aza-2'-deoxycytidine (5-aza-dC), trichostatin A (TSA) or scriptaid at different concentrations. Histone modification and methylation status of a silenced p16 gene were analyzed using chromatin immunoprecipitation and methylation-specific PCR, respectively. Flow cytometry was performed for the analysis of cell cycle and apoptosis. Scriptaid-induced expression was analyzed using Human OneArray™ chip. Scriptaid resulted in the demethylation and re-expression of a hypermethylated p16 gene along with 5-aza-dC synergistically in the RKO cells, but not alone. Scriptaid induced modifications of core histone tails important in euchromatin structure: increases in acetyl-H3-K9 and dimethyl-H3-K4 and a decrease in dimethyl-H3-K9. Cell growth was inhibited by scriptaid in a dose-dependent manner. Cell cycle analysis showed that scriptaid induced G1 arrest at 0.5 and 1.0 μM concentrations and G1 and G2/M arrest at 2.0 μM. Scriptaid did not have a significant effect on apoptosis in RKO cells. An altered expression of 278 genes was observed in RKO cells in response to scriptaid treatment. In conclusion, the present study suggests that scriptaid may be effective in growth suppression and cell cycle arrest and in the reversal of repressive chromatin marks at the promoter region of a hypermethylated p16 gene in colorectal cancer.
Introduction
Aberrant methylation of CpG island at a promoter region of tumor suppressor genes is an epigenetic change that induces transcriptional silencing of genes. The aberrant methylation in a number of tumor suppressor genes has been reported in a variety of tumors and is now widely recognized as a contributing factor in human tumorigenesis (1) . Transcriptional repression by CpG island hypermethylation is closely linked to modifications of histone tails (2) (3) (4) . Deacetylation of the histone H3-K9 lysine residues by histone deacetylases (HDACs) results in a positively charged histone tail by its effect at the amino-terminal lysine residues of core histones and subsequently leads to the remodeling of nucleosomes, condensation of chromatin structure and CpG island hypermethylation (5) (6) (7) . Accordingly, inhibition of HDAC activity plays a role in the accumulation of acetylated core histones, leading to a more relaxed chromatin conformation and the transcriptional activation of a limited number of target genes suppressed by CpG island hypermethylation.
HDAC inhibitors (HDACIs) are a novel and promising class of chemotherapeutic agents that can inhibit the activity of HDACs and suppress the growth of tumor cells. In addition, HDACIs induce extrinsic and/or intrinsic apoptosis and differentiation and possess antiangiogenic and antilymphangiogenic properties (reviewed in ref. 8) . A diverse group of HDACIs have been discovered and their effects on cancer cells are known to differ with regards to their antitumor activity, toxicity and stability (9) . These HDACIs include cyclic and non-cyclic hydroxamic acids (i.e. trichostatin A, oxamflatin, proxamide, SAHA and suberoyl-3-aminopyridineamide hydroxamic acid), short-chain fatty acids (i.e. valproic acid, sodium butyrate and phenylbutyrate), cyclic peptides or tetrapeptides (i.e. Trapoxin, apicidin and FK-228), ketones, cyclic tetrapeptide and benzamides (i.e. MS-275). Some HDACIs are in clinical trials in cancer patients.
Scriptaid, the 6-[1,3-dioxo-1H, 3H-benzo(de)isoquinolin-2-yl]-hexanoic acid hydroxyamide, was identified by screening a library of 16,320 compounds (DIVERset, Chembridge, San Diego, CA) using a high-throughput system based on a stably integrated transcriptional reporter. The drug is considered to be a novel HDACI with robust activity and relatively low toxicity compared to TSA (10) . Scriptaid has been reported to inhibit the growth and induce differentiation and/or apoptosis in a variety of cancer cells such as breast, endometrial and ovarian cancers (11, 12) , but little is known of the overall effect of this drug in colorectal cancer. This study was aimed at investigating the effect of scriptaid on the epigenetic change and re-expression of a hypermethylated p16 gene and on cell growth in a type of colorectal cancer cell. In addition, genes induced by scriptaid were also screened in the cells.
Materials and methods
Cell culture. The RKO colorectal cancer cell line was obtained from the American Type Culture Collection (Manassas, VA). The cells (2.0x10 5 ) in most experiments were seeded in six-well plates and allowed to attach for at least 16 h before the addition of drugs such as 5-aza-2'-deoxycytidine (5-azadC), trichostatin A (TSA) or scriptaid. RKO cells were grown in Eagle's Minimum Essential Medium (EMEM, Cambrex, Walkersville, MD) media supplemented with 10% fetal bovine serum (Hyclone, Logan, UT), 1% antibiotic-antimycotic (Gibco, New York, NY), 1.0 mM of sodium pyruvate (Sigma-Aldrich, St. Louis, MO) and 1% MEM non-essential amino acid solution (Sigma-Aldrich) at 37˚C in an atmosphere of 5% CO 2 .
In vitro growth assay. Cells (2.0x10 5 ) were seeded in six-well plates in triplicate and treated with 0.1 μM 5-aza-dC or 1.0 μM scriptaid alone, or 0.1 μM 5-aza-dC along with either 0.3 μM TSA or 1.0 μM scriptaid. Cells were harvested with trypsin after 24, 48 and 72 h of exposure to each drug. Cells were counted using a hemacytometer and cell viability was assessed by trypan blue exclusion. For the analysis of a dose-dependent effect of scriptaid on cell growth, RKO cells were incubated at different concentrations of scriptaid (0, 0.5, 1.0 and 2.0 μM) for 24 , 48 and 72 h.
Methylation-specific polymerase chain reaction (MSP).
Cells were cultured with either 0.1 μM 5-aza-dC or 1.0 μM scriptaid as indicated for 12, 24 or 48 h. Cells were harvested at the indicated times and washed in ice-cold phosphate-buffered saline (PBS). Genomic DNA was obtained from the cell lines using DNeasy Blood & Tissue kit (Qiagen, Valencia, CA) according to the manufacturer's protocol. For the analysis of the combined effect of 5-aza-dC and scriptaid (or TSA) on demethylation of the hypermethylated p16 gene, cells were also cultured with 5-aza-dC for 24 h and co-incubated with scriptaid (or TSA) for an additional 24 h. The methylation status of CpG island at the promoter region of the p16 gene was determined by methylation-specific PCR (MSP), as previously described using two pairs of primers (13) : one for the unmethylated promoter and another for the methylated promoter. The primer sequences used for MSP are shown in Table I . CpGenome™ Universal Methylated DNA (Chemicon, Temecula, CA) was subject to bisulfite modification and used as a positive-control for the methylated alleles. Bisulfitemodified normal DNA served as a positive control for the unmethylated alleles and negative control samples without DNA were included in every PCR experiment.
Reverse transcription PCR (RT-PCR)
. Cells were cultured with either 0.1 μM 5-aza-dC or 1.0 μM scriptaid for 48 h, or with 0.1 μM 5-aza-dC for 24 h, which was followed by co-incubation with 1.0 μM scriptaid (or 0.3 μM TSA) for an additional 24 h. After 48 h of culture, cells were harvested and washed in ice-cold PBS. For analyzing dose-dependence of scriptaid on re-expression of the hypermethylated p16, RKO cells were also cultured with different concentrations of scriptaid (0.1, 0.5 and 1.0 μM). Total RNA was isolated from RKO cells using RNeasy ® Mini kit (Qiagen, Valencia, CA) according to the manufacturer's instructions. RNA was resuspended in diethyl pyrocarbonate-treated water and was quantitated by spectrophotometer. RT-PCR was carried out in a tube containing 0.5 μg of total RNA and p16-specific primers (Table I ) at a final concentration of 0.6 μM using a one step RT-PCR kit (Qiagen) according to the manufacturer's protocols. PCR products were quantitated with the GeneAmp PCR System 2700 (Applied Biosystems, Foster City, CA).
Chromatin immunoprecipitation. Cells were cultured with either 0.1 μM 5-Aza-dC or 1.0 μM scriptaid for 48 h, or with 0.1 μM 5-aza-dC for 24 h, which was followed by coincubation with 1.0 μM scriptaid (or 0.3 μM TSA) for an additional 24 h. After 48h of culture, chromatin immunoprecipitation (ChIP) was performed using a ChIP assay kit (Upstate Biotechnology, Lake Placid, NY) according to the manufacturer's recommendations. Antibodies used for ChIP were anti-acetyl-histone H3 (Lys9), anti-dimethyl-histone H3 (Lys4) and anti-dimethyl-histone H3 (Lys9) (all from Upstate Biotechnology). Primer sequences for p16 amplification are listed in Table I .
Flow cytometry analysis of cell cycle and apoptosis. RKO cells (2.0x10 5 ) were seeded in six-well plates in triplicate and allowed to attach for at least 16 h before the addition of 1.0 μM scriptaid. The cells were harvested and washed in ice-cold PBS at 48 h of exposure. For cell cycle analysis, the cells were then fixed with 70% ice-cold ethanol for 24 h and DNA was stained with propidium iodide (50 μg/ml) containing 5 mg/ml RNase (Boehringer Ingelheim, Ingelhein, Germany) at a dilution of 1:100 in darkness. Apoptosis was analyzed using an Annexin-V-FITC Apoptosis Detection kit II (Calbiochem, San Diego, CA) after washing the cells with ice-cold PBS. Fluorescence for cell cycle and apoptosis distribution was detected by a FACScan flow cytometer (Becton-Dickson, San Jose, CA) and obtained data was analyzed using the ModFit LT version 3.0 (Verity Software House, Topsham, NE). At least 10,000 cells were examined for each sample and the test was run in duplicate for each subject.
Gene expression analysis. RKO Cells were incubated with 1.0 μM scriptaid for 48 h. Total RNA was extracted using the RNeasy Mini kit (Qiagen) according to the manufacturer's instructions. RNA quantity and purity were assessed by measurement of OD 260/280 using a NanoDrop ® spectrophotometer. The quality was verified by the integrity of 28S and 18S rRNA using the Agilent Total RNA Nano chip assay on a Model 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA). Ideally, the intensity of 28S band should be twice the intensity of 18S band. Expression was analyzed using Human OneArray™ (Phalanx Biotech Group, Palo Alto, CA) according to the manufacturer's recommendations. Briefly, fluorescence-labeled cDNA for oligo microarray analysis was prepared by amplification of 15 μg of high-quality total RNA in the presence of aminoallyl-UTP followed by the coupling of Cy3 or Cy5 dye using CyScribe™ First-Strand cDNA Labeling kit (Amersham Pharmacia, Uppsala, Sweden). The labeled chip was hybridized with the fluorescently labeled cRNA at 42˚C for 16 h and then washed. DNA chips were scanned using GenePix 4000B (Axon Instruments, Unio City, CA). Scanned images were analyzed with GenePix Pro 3.0 software (Axon Instruments, Union City, CA) to obtain gene expression ratios. Transformed data were normalized using the Lowess procedure (14) . The normalized data were used for clustering analysis. Clustering analysis was performed using the Cluster and TreeView programs (http://rana.lbl.gov) to provide a graphical display of the expression patterns.
Results
Scriptaid alone did not induce demethylation and re-expression of silenced p16. The effect of scriptaid on a hypermethylated p16 gene was first evaluated by treating RKO cells with 0.1 μM 5-aza-dC or 1.0 μM scriptaid for 48 h. The 5-aza-dC resulted in demethylation of the hypermethylated p16 at 12 h after treatment and the degree of demethylation increased with time. However, scriptaid alone did not result in demethylation of the p16 gene even after 48 h (Fig. 1A) . For the analysis of combined effect of 5-aza-dC and scriptaid (or TSA), cells were cultured with 0.1 μM 5-aza-dC for 24 h and co-incubated with 1.0 μM scriptaid (or 0.3 μM TSA) for an additional 24 h. The addition of scriptaid in medium treated with 5-aza-dC caused demethylation of the p16 gene synergistically (Fig. 1B) . The demethylating effect of scriptaid in the presence of 5-aza-dC was similar to that evident following co-treatment with TSA and 5-aza-dC. The re-expression of the silenced p16 was evaluated after treatment of cells with 0.1 μM 5-azadC or 1.0 μM scriptaid for 48 h (Fig. 1C) . Furthermore, the cells were also incubated for another 24 h in the presence of 0.3 μM TSA or 1.0 μM scriptaid following 24 h of initial 5-aza-dC treatment. Scriptaid induced reactivation of the silenced p16 along with 5-aza-dC, but not alone. In addition, the scriptaid (0.1, 0.5 and 1.0 μM) at different concentrations resulted in the reactivation of hypermethylated p16 gene in a dose-dependent manner along with 0.1 μM 5-aza-dC (Fig. 1D) . The synergistic effect of scriptaid on reactivation of silenced p16 in the presence of 5-aza-dC was similar to that of TSA at different concentrations.
Scriptaid induces histone modifications. It is known that there is a relationship between key elements of the histone code and DNA methylation. The effect of scriptaid on a change of the histone code components at the p16 promoter was analyzed using chromatin immunoprecipitation (ChIP) in RKO cells ( Fig. 2A ) and quantitative levels (Fig. 2B ) of modified histones in RKO cells treated with drug(s) were measured by dividing [band intensity of ChIP PCR in RKO cells treated with drug(s) ÷ band intensity of input in the cells] by (band intensity of ChIP PCR in control ÷ band intensity of input in control). The quantitative analyses revealed that the levels of acetyl-H3-K9 and dimethyl-H3-K4 at the p16 promoter after 1.0 μM scriptaid treatment for 48 h increased 1.7 and 1.5 times compared to the control, respectively. The application of 0.1 μM 5-aza-dC alone also increased the levels 1.36 and 1.70 times, respectively. Scriptaid addition in the cells treated with 5-aza-dC synergistically increased the levels of acetyl-H3-K9 and dimethyl-H3-K4 at the p16 promoter (2.4-and 2.6-fold, respectively). In addition, scriptaid decreased dimethyl-H3-K9 levels 0.78-fold compared to the control. However, the level of dimethyl-H3-K9 was not significantly decreased in response to 5-aza-dC. These data suggest that scriptaid alone was able to evoke obvious changes in key parameters of the histone code at the promoter of the p16 gene in RKO cells. Table I . Primer and probe sequences.
a M and U indicate primers for methylated and unmethylated alleles of the p16 gene, respectively.
Scriptaid inhibits cell growth. The effect of scriptaid on the growth of RKO cells in vitro was determined. The proportion of actively replicating cells in response to scriptaid significantly decreased in a time-dependent and a dose-dependent manner. The percentage of viable cells in the culture decreased ~60% of control after 48 h of 1.0 μM scriptaid treatment (Fig. 3A) . The growth suppressive effect of scriptaid was evident compared to the controls after 48 h of treatment and the degree of growth suppression was proportional to the concentration of scriptaid (Fig. 3B) .
Scriptaid results in cell cycle arrest. Fluorescence-activated cell sorting (FACS) was carried out to analyze cell cycle profiling of scriptaid-treated cells (Fig. 4) . The proportion of S phase cells at 48 h after scriptaid treatment was 30.4% at control and 16.9, 11.1 and 5.7% at scriptaid concentrations of 0.5, 1.0 and 2.0 μM, respectively. The reduction in S phase cells resulted in a concomitant change in G1 and G2/M phase cells. The proportion of cells containing 2N amount of DNA, which represents G1 phase cells, was 63.9% at control and increased significantly up to 83.9% in the presence of 1.0 μM scriptaid and 76.5% for 2.0 μM scriptaid. Similarly, the fraction of cells with 4N amount of DNA, which represents G2/M phase cells, increased significantly especially at high concentrations of 2.0 μM scriptaid compared to control (17.8 vs. 5.6%, respectively). These results suggest that the treatment of RKO cells with scriptaid resulted in the inhibition of cellular DNA synthesis leading to the arrest of cells in G1 at low concentrations and in the G1 and G2/M phase of the cell cycle at high concentrations.
Scriptaid does not induce apoptosis.
The apoptotic alterations in scriptaid-treated RKO cells were assessed using Annexin-V staining for phosphatidylserine (PS) externalization. Fig. 5 shows the typical dotplots of Annexin-V and PI staining in which three distinctive cell populations were clearly seen. Early apoptosis fraction in the RKO cells at 48 h after culture increased slightly with concentrations of scriptaid compared to the control. At 1.0 and 2.0 μM scriptaid, the fractions of early apoptosis (Annexin-V-positive, PInegative) were 1.01 and 1.00%, respectively, whereas cells cultured without scriptaid had early apoptosis of 0.12%. Scriptaid-treated cells also showed a decrease of late apoptosis fraction (Annexin-V-positive, PI-positive) compared with control samples at 48 h. The control sample of RKO cells showed a late apoptosis fraction of 0.23% as compared with cells cultured with 1.0 and 2.0 μM scriptaid, which showed late apoptosis fraction of 0.15 and 0.22%, respectively. However, differences in early-and lateapoptosis between control and scriptaid-treated cells were not statistically significant (P=0.37 and P=0.75, respectively; Wilcoxon-rank sum test). These experiments suggest that RKO cells may not undergo apoptosis upon scriptaid treatment.
Identification of genes induced by scriptaid.
Expression profiling using cDNA microarrays was carried out to identify genes induced by scriptaid in RKO cells. To assess the reliability of our microarray technique, we compared the expression levels of two genes (TIMP3 and hMLH1) methylated in RKO cells. The mRNA levels of the genes after scriptaid treatment were not detected in the microarray as well as RT-PCR (data not shown), indicating a high reliability for our microarray data. Of the total 30,968 genes analyzed, 122 genes were up-regulated and 156 genes were down-regulated with a mean expression value of 2.0-fold or higher after 1.0 μM scriptaid treatment for 48 h. The majority of the genes with an altered expression of a 2.0-fold or higher were determined to be involved mainly in cell cycle, tumor metastasis, metabolism, inflammation, drug resistance, apoptosis and signaling pathways. The genes involved in cell cycle and metastasis among the genes regulated by scriptaid are listed in Table II. Scriptaid differentially regulated a number of cell cycle-regulating genes in RKO cells. Scriptaid usually down-regulated genes involved in cell cycle progression and up-regulated genes associated with cell cycle inhibition. Twelve genes were up-regulated and 19 genes were downregulated in response to scriptaid. The expression levels of G0/G1 switch 2 (GOS2) and cyclin-dependent kinase inhibitor 2D (CDKN2D) increased 3.1-and 3.0-fold, respectively, in cells treated with scriptaid. Centrin EF-hand protein 2 (CENT2), growth-arrest-specific 1 (GAS1), dual specificity phosphatase 6 (DUSP6) and septin 3 (SEPTIN3) were increased by 2-fold or higher in response to scriptaid. Similarly, scriptaid down-regulated cell cycle progression genes including cyclin B2, cyclin E2, CDK3 and E2F transcription factor 3.
Scriptaid up-regulated a set of metastasis suppressor genes and down-regulated a set of metastasis promoting genes. Of these genes, tissue inhibitor of metalloproteinase 2 (TIMP2) and TIMP4, which are metastatic suppressor genes, increased 8.7-and 2.5-fold in scriptaid-treated cells, respectively. SERPINE1 (PAI1), which suppresses tumor invasion through protease inhibition in stroma, was upregulated by 2.1-fold. Metastasis suppressor genes such as MTSS1, CAV1, CTSD and thrombospondin 1 were also upregulated by 2.0-fold or higher by scriptaid. The levels of the metastasis promoting genes Neuregulin (NRG1) and Neuropolin 2 (NRP2), were decreased in scriptaid-treated cells. Transcription of NRG1 and NRP2 decreased 2.4-and 2.2-fold, respectively, in response to scriptaid. Integrin ß1, a subunit of α5ß1, was downregulated by 2.1-fold in response to scriptaid.
Discussion
Histone deacetylase inhibitors (HDACIs) are a new class of chemotherapeutic agents and have shown anticancer activity against diverse cancer types. Some of the HDACIs are in phase I and II clinical trials in patients with hematological and solid malignancies. In this study, the effects of scriptaid on cell growth, cell cycle, apoptosis and epigenetic alteration were investigated in RKO colorectal cancer cells. The scriptaid alone did not have an effect on the demethylation and reexpression of a hypermethylated p16 in RKO cells. However, scriptaid showed a synergistic effect with 5-aza-dC on reexpression of the p16 in a dose-dependent manner in RKO cells, suggesting that full re-expression of aberrantly silenced p16 requires the complete reversal of modified histones in a euchromatic state. Recently, McGarvey et al (15) studied the re-expression of a hypermethylated and aberrantly silenced hMLH1 gene and histone modification in RKO cells. They found that demethylation of the hMLH1 gene can induce gene expression in response to 5-aza-dC treatment, though some of repressive chromatin marks associated with heterochromatin were not changed in response to 5-aza-dC. These observations suggest that 5-aza-dC is not enough for complete reversal to the full euchromatic state seen at a normally transcribed gene at p16 promoter in RKO cells and that scriptaid helps the complete reversal to the euchromatic state, possibly by causing histone modification.
The acetylation and methylation of histone tails in chromatin play an important role in the regulation of gene expression. The effect of scriptaid on histone modification in this study was comparable to TSA. Fahrner et al (2) reported that TSA alone leads to a slight increase in acetylated H3 and essentially no change in dimethyl-H3-K4 and dimethyl-H3-K9 at the hMLH1 promoter in RKO cells. Scriptaid alone led to increases in acetyl-H3-K9 and dimethyl-H3-K4 and a decrease in dimethyl-H3-K9, which is important for euchromatic gene repression at the p16 promoter. The fact that scriptaid can modifiy histones regardless of the failure of demethylaton and re-expression of the hypermethylated p16 gene suggests a more dominant role of DNA methylation over histone deacetylase activity for the maintenance of gene silencing in association with hypermethylation of CpG island in mammals (16) .
The use of 5-aza-dC alone increased the levels of acetyl-H3-K9 and dimethyl-H3-K4 at p16 promoter but not of dimethyl-H3-K9, a transcriptional repressive methylation mark. This observation supports the finding that histones retaining the mixture of activating and repressive chromatin marks remain in spite of the transcriptional reactivation of silenced hMLH1 in RKO cells treated with 5-aza-dC (15) . Additionally, 5-aza-dC with scriptaid synergistically increased the levels of acetyl-H3-K9 and dimethyl-H3-K4 at the p16 promoter but not the level of dimethyl-H3-K9. The failure in reversal of repressive transcriptional chromatin modifications following 5-aza-dC treatment could be due to the short time course of the experiments and low dose of 5-aza-dC. Therefore, we increased the concentration and incubation time of 5-aza-dC and found an increased reversal of dimethyl-H3-K9 (data not shown), indicating that histone modification in response to 5-aza-dC was dependent on the dosage of the compound. These results also favor the idea that dimethyl-H3-K9 may be a critical element for the complete reversal of transcription of silenced p16 gene in RKO cells and be critical for CpG island hypermethylation and stable maintenance of heterochromatin.
Scriptaid inhibits growth of breast cancer cells and suppresses cell growth and cell cycle in endometrial and ovarian cancer cells (11, 12) . Cell cycle analysis in RKO cells showed that scriptaid at 0.5 and 1.0 μM induced G1 arrest and at 2.0 μM increased G1 and G2/M proportions of the cell cycle, consistent with the previous observation that SAHA at Table II . Gene expression profiling. KIP1 and GADD45α (reviewed in ref. 18 ). However, the expression levels of those proteins in this study did not change significantly after scriptaid treatment. Instead, expression levels of p14 and GADD45G increased and those of cyclin B2 and cyclin E2 decreased after scriptaid treatment, suggesting that mechanisms underlying cell cycle arrest and growth inhibition by scriptaid may be different from other HDACIs. The difference in the selective alteration of transcription of a gene by HDACIs may result from the different HDAC substrates and the different composition and configuration of proteins in the transcription factor complex including the HDACIs.
HDACIs have been recently shown to be important factors in cell migration and invasion for both normal and malignant cells (8) . In this study, scriptaid up-regulated metastasis suppressor genes and down-regulated metastasis promoting genes. KAL1, a metastasis suppressor gene on human chromosome 11p11.2, is able to inhibit the progression of tumor metastasis without affecting primary tumorigenicity (19) and was presently induced by 2.2-fold in response to scriptaid. Neurogulin 1 (NRG1) is expressed by vascular endothelial cells and regulates angiogenesis by mechanisms involving paracrine up-regulation of VEGF-A (20) . Neuropolin 2 (NPR2) contributes to metastasis by interacting with the vascular endothelial growth factor (VEGF). The expression of NRG1 and NPR2 were downregulated by 2.0-fold higher by scriptaid. Integrin α5ß1 participates in the activation of both FLT4 (FLT4 fms-related tyrosine kinase 4: VEGFR3) and its downstream PI3 kinase/Akt signaling pathway, which is essential for lymphatic endothelial cell proliferation (21) . Integrin α5ß1 also suppresses tumor lymphangiogenesis and lymph node metastasis by blocking FLT4. Based on these observations, it is likely that scriptaid may suppress metastasis by regulating metastasis-related genes in favor of inhibiting metastasis.
Recent studies using cDNA microarrays showed that approximately 7-10% of genes were detected with altered transcription in cell lines using 2-fold change as a cut-off value. In this study, altered transcription of 2.0-fold or higher was detected in 278 (0.8%) of the 30968 genes analyzed. These fewer changes in gene transcription in response to scriptaid may result from short time of culture and low concentration of scriptaid (22) (23) (24) (25) . HDACIs can selectively alter gene transcription partly by inducing chromatin remodeling and by changing the structure of proteins in transcription factor complexes and by regulating the target genes in an affected signal transduction pathway (26) . Further studies are needed to understand the mechanism(s) underlying transcriptional changes by scriptaid. In conclusion, our data suggest that scriptaid may induce growth inhibition, cell cycle arrest and histone modifications in colorectal cancer cells. 
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of dual regulation mechanisms of aging and cancer from KOSEF (M1075604000107N560400110).
